Diabetes mellitus produces marked abnormalities in motor nerve conduction, but the mechanism is not clear. In the present study we hypothesized that in the streptozotocin (STZ)-induced diabetic rat impaired vasodilator function in arterioles that provide circulation to the region of the sciatic nerve is associated with reduced endoneural blood flow (EBF) and that these defects precede slowing of motor nerve conduction velocity, and thereby may contribute to nerve dysfunction. As early as three days after the induction of diabetes endoneural blood flow was reduced in the STZ-induced diabetic rat. Furthermore, after I week of diabetes acetylcholine-induced vasodilation was found to be impaired. This was accompanied by an increase in the superoxide level in arterioles that provide circulation to the region of the sciatic nerve as well as changes in the level of other markers of oxidative stress including an increase in serum levels of thiobarbituric acid reactive substances and a decrease in lens glutathione level. In contrast to the vascular related changes that occur within I week of diabetes, motor nerve conduction velocity and sciatic nerve Na//K ATPase activity were significantly reduced following 2 and 4 weeks of diabetes, respectively. These studies demonstrate that changes in vascular function in the STZ-induced diabetic rat precede the slowing of motor nerve conduction velocity (MNCV) and are accompanied by an increase in superoxide levels in arterioles that provide circulation to the region of the sciatic nerve.
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INTRODUCTION
The purpose of this study was to examine the relationship between diabetes-induced reduction in sciatic nerve motor nerve conduction velocity, endoneural blood flow and vascular reactivity of arterioles that provide circulation to the region of the sciatic nerve using the streptozotocin-induced diabetic rat model. In a previous study we showed that acetylcholine-induced endothelium-dependent vasodilation of arterioles that provide blood flow to the region of the sciatic nerve is impaired by diabetes. Lll This defect was associated with a decrease in neuronal blood flow of the sciatic nerve and slowing of motor nerve conduction velocity. In the present study we investigated whether the impaired vasodilation of these arterioles in diabetic rats preceded the changes in endoneural blood flow and nerve conduction.
Diabetes mellitus produces marked abnormalities in motor nerve conduction, but the mechanism is not clear. Cameron et al. reported that hyperglycemia-induced blood flow reduction and resultant endoneural hypoxia are important factors underlying nerve conduction deficits early in the development of diabetic neuropathy. [2] In their studies, they showed that nerve blood flow was reduced as early as I week after diabetes induction. In other studies conducted with older animals reductions in nerve blood flow were apparent and preceded the decrease in nerve conduction velocities. TM In the present study we examined the relationship between changes in endoneural blood flow and nerve conduction velocity induced by diabetes, and the impairment in acetylcholine-induced vasodilation in arterioles that provide circulation to the region of the sciatic nerve.
The effect of diabetes on vascular reactivity has been studied in a variety of vascular tissues. In the aorta from several species, agonist-induced endothelium-dependent vasodilation is impaired by diabetes and by acute hyperglycemia. [4] [5] [6] [7] Similar alterations in vasodilator responses have been observed in mesenteric arteries from diabetic rats. I8-11 Other studies have shown reduced acetylcholine-induced vasodilation of the basilar artery, [12, 13] renal interlobar artery, [14] and coronary artery [15, 16] Videomicroscopy was used to investigate in vitro vasodilatory responsiveness of arterioles supplying the region of the sciatic nerve (branches of the superior gluteal and internal pudendal arteries) as previously described. 11 The vessels used for these studies were generally oriented longitudinally in relation to the sciatic nerve; however, on occasion radially oriented vessels were also used. No differences were observed in acetylcholine-induced vasodilation based on the orientation of the vessel to the sciatic nerve. Since vessels overlying the sciatic nerve were used in this study they should be regarded as epineurial rather than perineurial. To isolate these vessels the common iliac was exposed and the branch points of the internal pudendal and superior gluteal arteries identified. The vessels were then clamped, and tissue containing these vessels and its branches dissected en bloc. [24] as modified by Siman and Eriksson. [25] Briefly, 200 gl of serum was boiled in 0.75 ml of phosphoric acid (0.19 M), 0.25 ml thiobarbituric acid (0.42 mM) and 0.3 ml water for 60 min. Afterwards, the samples were precipitated with methanol/NaOH and centrifuged for 5 min. The supernatant was measured fluorometrically at excitation wavelength 532 nm and emission wavelength 553nm. Standards were prepared from malonyldialdehydbis(dietylacetal) and were treated identically as the serum samples. The data was reported gg/ml serum. Sciatic nerve conjugated diene levels were determined according to the method of Recknagel and Ghoshal [26] as adapted to peripheral nerve tissue by Low and Nicklander. [27] Briefly, a segment of the sciatic nerve was extracted with chloroform and methanol. The lipid extract was evaporated and redissolved in I ml cyclohexane. Conjugated diene levels were determined by measuring the absorbance at 233 nm with extraction blanks used as references. An extinction coefficient of 2.52 x 104M was used.
Data Analysis
The results are presented as mean +/-SE. Comparisons between the groups (control vs. diabetic) for MNCV, EBF, sciatic nerve Na+/K + ATPase activity, sciatic nerve sorbitol, fructose and myo-inositol content, serum TBARS, sciatic nerve conjugated diene, aorta lactate/pyruvate ratio and lens glutathione levels were conducted using independent unpaired Student's tests. Dose response curves for acetylcholine for control vs. diabetic rats were compared using a two way repeated measures analysis of variance with autoregressive covariance structure using proc mixed program of SAS. [1] Whenever significant interactions were noted for control vs. diabetic specific treatment-doseeffects were analyzed using a Bonferoni adjustment. A p value of less 0.05 was considered significant. All computations were performed using SAS for Windows version 6.12.
RESULTS

Body Weight and Plasma Glucose Levels
Data in Table I show that streptozotocin-induced diabetic rats on average gained less weight than age-matched control rats over the Ilj Baseline diameter of vessels from control and diabetic rats was similar and the vessels were constricted to a similar degree with U46619 (10 100 tM). Acetylcholine produced a concentration-dependent vasodilation (endothelium-dependent) in arterioles that provide circulation to the region of the sciatic nerve (maximum dilation 93 4-2%) (Fig. 2 , Tab. V). At 3 days, the vascular responses to acetylcholine were similar in diabetic and normal rats (Fig. 2, Tab. V) . At 7 days, vascular relaxation to acetylcholine was impaired in diabetic rats at a lower dose of acetylcholine (1 x 10-7M), however maximal relaxation was unchanged from normal animals (Fig. 2 , Tab. V). After 14 days, vascular relaxation in diabetic rats was significantly less at all doses of acetylcholine compared 'to normal rats (Fig. 2 , Tab. V). Maximal relaxation to acetylcholine was significantly impaired in vessels from 2-week diabetic (624-10%) compared to normal (934-2%) rats (Tab. V). Similar results were also obtained at 3 and 4 weeks of diabetes (Tab. V). In contrast, maximal vasodilation induced by sodium nitroprusside (endothelium-independent) was Control Vessels Diabetic (2 wk.) Vessels
FIGURE
Detection of superoxide levels in arterioles from control and 2-week diabetic rats. Fluorescent photomicrographs of confocal microscopic sections of arterioles that provide circulation to the region of the sciatic nerve from three individual control and 2-week streptozotocin-induced diabetic rats were examined on three separate days. Arterioles were labeled with the oxidative dye hydroethidine as described in the Methods section. Recording of fluorescent were taken at identical laser and photomultiplier settings for both control and diabetic rats. Acetylcholine (-log M) FIGURE 2 Acetylcholine-induced endothelium dependent relaxation of arterioles adjacent to the sciatic nerve in control and diabetic rats. For these studies control rats and rats with diabetes for 3, 7 and 14 days were used. Pressurized arterioles were constricted with U46619 (30-50%) and incremental doses of acetylcholine were added to the bathing solution while recording steady state vessel diameter. The number of experimental animals used in these studies was the same as noted in Table I . The denotes that the response to acetylcholine was significantly attenuated (p < 0.05) in the diabetic rat. [42] In the latter study topical application of superoxide dismutase partially restored acetylcholine-induced vasodilation of the basilar artery towards that observed in nondiabetic rats suggesting that impaired vasodilation may be related in part to enhanced release of oxygen-derived free radicals. I42 Other studies support a role for the production of oxygen radicals in diabetic neuropathy. Studies with diabetic rats incorporating the use of anti-oxidant treatment have been shown to prevent peripheral nerve dysfunction. [43] [44] [45] [46] In our studies we have shown that acetylcholine-induced vasodilation of arterioles that provide circulation to the region of the sciatic nerve is mediated by at least two mechanisms involving the production of nitric oxide (NO) and endothelium-derived hyperpolarizing factor (EDHF). 11 Therefore, impairment of endothelium-dependent vasodilation by diabetes in these vessels may be mediated by conditions that inhibit the production or bioactivity of either or both of these vasodilators.
The present study demonstrates that diabetes causes the production/accumulation of superoxide in these vessels. As discussed above, the production of oxygen radicals has been associated with impairment of endothelium-dependent vasodilation in both conduit and resistance arteries. Presently, we do not know whether the generation of superoxide or the secondary production of hydrogen peroxide or hydroxyl radicals by these vessels might contribute to diabetes-induced vascular dysfunction.
In summary, these studies demonstrate that endothelium-dependent vasodilation of arterioles that provide circulation to the region of the sciatic nerve is impaired early in diabetes and along with reduction in endoneural blood flow 
